Background: Prader-Willi syndrome (PWS) is commonly associated with severe obesity and type 2 diabetes mellitus (T2DM) and is caused by excessive eating. Only very few studies have reported the relationship between excessive eating, weight gain, and T2DM associated with PWS. The aim of the present study was to investigate the relationship between high carbohydrate intake, body mass index (BMI), and the associated risk factor of T2DM development in people with PWS. We collected data from 23 PWS patients along with obesity control (OC) in Tamil Nadu, India. All PWS patients had T2DM whereas only 7 of 23 OC subjects had T2DM. The physical and biochemical parameters were compared in both subjects. We estimated daily intake in grams of food and calories for each item consumed by both PWS and OC subjects (with and without T2DM). Additionally, we compared BMI values and macronutrients, to investigate the occurrence of T2DM in PWS.
Background
Prader-Willi syndrome (PWS) is a complex neurogenetic disorder, which is caused by inherited deletion of paternal genes at the imprinting center (IC) on chromosome 15q11-q13 region. It is prevalent in about 1 in 15,000 to 20,000 people (Bittel & Butler, 2005; Nicholls & Knepper, 2001) . The characteristics of PWS in commonly observed infants are severe feeding difficulties, hypotonia, weak cry, poor suck, and failure to thrive, followed by excessive eating in early childhood and gradual development of morbid obesity due to uncontrolled eating behavior (Butler et al., 2009; McCandless et al., 2011) . These PWS characteristics mainly occur due to dysfunction of three molecular genetics mechanisms, viz., 70% de novo interstitial deletions of the chromosome 15q11-q13 region, 25% maternal uniparental disomy (matUPD), and 2-5% imprinting defect (Buiting et al., 1995) . However, the exact genetic mechanism is currently unclear for the excessive eating behavior and its associated risk of morbid obesity and type 2 diabetes mellitus (T2DM) in PWS. Few studies have reported that individuals with PWS tend to be obese due to hypothalamic-pituitary dysregulation which was induced by hyperphagia. This can lead to increased obesity in childhood, which progressively develops into T2DM in PWS. The excess adipose tissue produces adipokines, which are also assumed to play a role in regulating food intake in PWS patients (Burman, Ritzen, & Lindgren, 2001; Kennedy et al., 2006; Lindmark, Trygg, Giltvedt, & Kolset, 2010) .
Alternatively, excess carbohydrates were responsible for increased adiposity and cause a decline in energy expenditure, which leads to weight gain in PWS. Obesity and weight gain are important factors that lead to insulin resistance and T2DM. In addition, daily intake of food and nutrition are additional risk factors for T2DM. The effectiveness of dietary and lifestyle modification approaches in the prevention of T2DM was provided by the Diabetes Prevention Program trials (Hu, van Dam, & Liu, 2001; Knowler et al., 2002; .
Several studies have shown that type and quantity of dietary carbohydrates play a crucial role in the development of impaired glucose and lipid profile and insulin resistance and increase the risk of T2DM and cardiovascular disease (CVD) (Manson & Spelsberg, 1993) . Refined grains are low in fiber and rich in carbohydrates. They have a high glycemic load (GL) and are quickly absorbed (Mizoue et al., 2006) . Some studies have shown that diets with high glycemic index (GI) can increase postprandial blood glucose level and insulin demand, which in turn may develop hypertension, dyslipidemia, and insulin resistance in the long term (Khosravi-Boroujeni et al., 2013) .
High BMI and homeostasis model of assessment-insulin resistance (HOMA-IR) can lead to the development of T2DM in individuals with PWS. There was a prevalence of 13.7% (29/211) PWS patients with T2DM risk in a Korean population (Yang, Jinsup, Sung Yoon, & Dong-Kyu, 2017) , and 7-25% of PWS have been associated with T2DM (Buiting et al., 1995; Butler et al., 2009; McCandless et al., 2011; Nicholls & Knepper, 2001) . The prevalence of T2DM (13.5%) was revealed by another cohort study in Italian PWS patients. However, this proportion was relatively lower than the Japanese study (26.2%). These findings suggest that the differences in the described prevalence of T2DM might have presumably resulted from various sizes of the PWS base population (Fintini et al., 2016) . Nevertheless, there has been no report of T2DM associated with PWS in Tamil Nadu population, and the etiology of the development of T2DM in PWS is currently unclear.
In the present study, we analyzed the amount of food consumed and the number of servings consumed per day for each food item in both PWS and obesity control (OC) subjects. This food information was given by the parents of these subjects, using an initial short questionnaire in self-report format. Further, we compared the physical and biochemical parameters of the subjects. This study had also analyzed the genetic counseling given to all PWS patients along with parents to make a family pedigree, which provided knowledge regarding the risk and proper management leading to control of PWS. The purpose of our present study is to investigate the link between excessive carbohydrate consumption from high consumption of food consisting of white rice and development of T2DM with BMI > 30 kg/m 2 in PWS patients matched with OC subjects.
Methods and materials

Data collection
All participants were given an initial short questionnaire in self-report format to analyze their eating behavior and physical and biochemical parameters. The data were collected from Coimbatore, Chennai, and Vellore districts in Tamil Nadu over a span of 2 years from 2015 to 2017. The PWS patients were initially selected based on phenotype characteristics such as low birth weight, hypotonia, and feeding difficulties in infancy, followed by excessive appetite, obesity, small hands and feet, almond-shaped eyes, narrow bifrontal, scoliosis, short stature, and intellectual disabilities (average IQ of 65) in early childhood. The selected participants were then genetically confirmed for PWS by methylation study. The study was approved by the Institute Ethical Committee, and written, informed consent form was obtained from all the participants before beginning the study.
Subject recruitment
A total of 46 participants comprising of 23 PWS patients grouped into adolescents (n = 13) [9 males and 4 females] and adults (n = 10) [7 males and 3 females] along with 23 OC subjects comprising adolescents (n = 12) [7 males and 5 females] and adults (n = 11) [6 males and 5 females] were recruited for the present study. The patients and control subjects were categorized based on age (adolescent 12-19 years and adult 20-28 years), weight, height, and BMI (weight in kg/height in m 2 ). BMI was divided into two categories, viz., obese (BMI ≥ 30) and overweight ). All the PWS subjects were found to be associated with obesity (BMI ≥ 30), while OC subjects were found to be either overweight (n = 13) or obese (n = 10) [BMI ≥ 30] . Type 2 diabetes mellitus was also a criterion for selecting the participants of this study. All 23 PWS participants had T2DM (13 adolescents and 10 adults), whereas only 7 among the 23 OC subjects had T2DM (3 adolescents and 4 adults). The biochemical parameters of all the participants are reported in Additional file 1: Table S1a and b. 
Food consumption data
With the help of the questionnaire, information was collected based on the amount of food intake and the number of servings consumed per day for each food item. Daily intake of grams of food and calories (g, kcal/day) of each food item was calculated by multiplying the amount of food intake and the number of servings per day. We used a mean ± SD calculation for comparing food and calorie intake (g, kcal/day) of each item for three different categories: PWS, OC with T2DM, and OC without T2DM.
Statistical analysis
Physical parameters such as weight, height, age, sex, BMI, and biochemical parameters were compared between PWS and OC subjects using mean ± SD values.
Comparison of daily total intake of food and macronutrients was done using mean ± SD. The Student t test was used to verify the significance levels in p > 0.05 of each in the PWS and OC subjects. All statistical analyses were performed by using SPSS software version 22.
Result
Characteristics of participants
Characteristics of the PWS and OC subjects are provided in Table 1 
Comparison of physical and biochemical parameters
The physical and biochemical parameters were compared between adolescents and adults in PWS vs. OC subjects using total mean ± SD values given in Table 2 . Age was matched with adolescents (15.4 ± 2.3 vs. 15 ± 2.5 [p value 0.6807]) and adults (25.1 ± 2.6 vs. 24 ± 2.4 [p value 0.3279]), and there was no significance in age group. Height (in cm) in adolescents (108.7 ± 2.8 vs. 129.5 ± 5.1) and adults (119.9 ± 4.6 vs. 141.4 ± 9.4), weight (in kg) in adolescents (61.5 ± 7.1vs. 46.4 ± 6.7) and adults (86.9 ± 6.6 vs. 63.4 ± 8.3), and BMI (in kg/m 2 ) in adolescents (51.9 ± 4.5 vs. 27.4 ± 2) and adults (60.5 ± 4.4 vs. 31.6 ± 3.3) were matched. Their p value was < 0.0001, suggesting that there was extreme significance in height, weight, and BMI. The PWS patients were found to be associated with obesity than the OC subjects. The cholesterol (mg/dl) levels in adolescents (229.5 ± 13.3 vs. 210.1 ± 22.6 [p value 0.0146]) and adults (239.8 ± 11.7 vs. 216.2 ± 17.3 [p value 0.0018]) showed a significance for both PWS and OC subjects. A comparison of the urine glucose and blood sugar levels was done in PWS with T2DM patients as well as in OC with T2DM patients. Though glucose levels in the urine of adolescents (3 ± 1.0 vs. 2.6 ± 1.1 [p value 0.5482]) and adults (2.6 ± 1.3 vs. 3.2 ± 0.5 [p value 0.1711]) showed no significance for both PWS and OC subjects, the fasting blood sugar levels in adolescents (202.8 ± 14.2 vs.124.9 ± 45.6 [p value < 0.0001]) and adults (199.5 ± 14.1vs. 134.6 ± 58.0 [p value 0.0027]) showed extremely significant values. Similarly, postprandial blood High intake of food and calories: the risk factors for T2DM and obesity in PWS and OC Details of the daily intake of total grams of food and calories (g, kcal/day) for each food item are provided in Additional file 1: Table S2a and b for both PWS and OC subjects. The total intake of white rice, milk and dairy products, instant food, and meat in PWS subjects was significantly higher when compared to OC subjects (p value 0.05) with and without T2DM. In contrast, the intake of sugar and sweets, beverage, oil and fat, egg, and fish in OC subjects with and without T2DM was significantly higher than that of the PWS patients (p value 0.05). Furthermore, the current study showed the following order of increasing white rice intake than any other food: OC without T2DM > OC with T2DM > PWS patients. Specifically, the intake of white rice in PWS (1071 g, 1370 kcal/day) was more when compared to OC with T2DM (814 g, 1058 kcal/day) and OC without T2DM (158 g, 215 kcal/day), which depicts the significantly higher intake of white rice in both adolescent and adult groups of PWS subjects than those in OC subjects (p value 0.05) which were shown in Table 3 . Figure 1 depicts the comparison of food and calorie intake per day for each food item in PWS, OC with T2DM, and OC without T2DM. Table 4 shows a comparison of the consumption of macronutrients from daily intake of white rice and BMI in PWS, OC with T2DM, and OC without T2DM subjects using mean ± SD values. Too much of carbohydrate consumption from total intake of white rice compared to any other macronutrients was observed in PWS patients. Statistical analysis shows high BMI value (55.6 ± 6.17) and more carbohydrate consumption (300.2 ± 81.6 g/day) in PWS, followed by OC with T2DM subjects [BMI (30.2 ± 4.14), carbohydrate consumption (225.3 ± 32.5 g/day)] and then by OC without T2DM [BMI (29.1 ± 3.5), carbohydrate consumption (88.0 ± 20.2 g/day)]. From this finding, we conclude that PWS subjects consume significantly more carbohydrates, and they have exceeding BMI values, when compared to OC subjects with and without T2DM (p value 0.05). Additionally, we compared macronutrient intake and BMI values between The physical and biochemical parameters were calculated by using mean (SD) in both subjects, and all data are reported in Additional file 1: Table S1a Table 3 Comparison of daily total intake food and calories (g, kcal/day) in both PWS and OC subjects 17.1 ± 9.9
16.5 ± 10.4
Calorie intake (kcal) adolescents and adults in PWS, OC with T2DM, and OC without T2DM. The results reveal that the macronutrient consumption in the adult group was more significant (p value 0.05) than that in the adolescent group of both PWS and OC subjects.
Discussion
To our knowledge, this is the first study to investigate the eating behavior focusing on the high amount of carbohydrates consumed from daily intake of white rice and BMI as risk factors for T2DM in PWS patients in Tamil Nadu population. The present study showed that all 23 PWS patients were associated with BMI values exceeding 30 kg/m 2 , whereas among the non-syndromic OC subjects, only 13 individuals were overweight (BMI value 25-29.9 kg/m 2 ) and 10 individuals were obese (BMI value > 30 kg/m 2 ). From this, we determine that BMI values are extremely significant (p < 0.0001) in PWS subjects than those in OC subjects. This study also showed that all 23 (100%) PWS patients in both adolescent and adult categories had been contributing to T2DM, whereas only 7 among the 23 OC subjects had T2DM. According to the previous study, severe obesity was developed by exceeding BMI values of 26-28 kg/m 2 , making it possible for insulin secretion and the development of diabetes (Campbell & Gerich, 1990) . The individuals with PWS Table 4 Comparison of macronutrient consumption from white rice intake and BMI value in both PWS and OC subjects .9 ± 4.5 27.1 ± 3.2 27.5 ± 2.5 60.51 ± 4.4 32.6 ± 3.1 31.1 ± 3.6 55.6 ± 6.17* 30.2 ± 4.14 29.1 ± 3.5
PWS subjects showed high significant of BMI value and excessive carbohydrate consumption of > 300 g/day from white rice intake compared with OC subjects. PWS, Prader-Willi syndrome, OC obesity control, BMI body mass index, OC with DM obesity control with diabetes mellitus, OC w/o DM obesity control without diabetes mellitus. *High significant value Fig. 1 Comparison of food and calorie intake per day for each food item in PWS and OC subject. The figure depicts the comparison of food and calorie intake per day for each food item in PWS, OC with T2DM, and OC without T2DM. The total intake of white rice, milk and dairy, instant food, and meat in PWS subjects was significantly higher when compared to that in OC subjects with T2DM and without T2DM (p value 0.05).
In contrast, the intake of sugar and sweets, beverage, oil and fat, egg, and fish in OC subjects both with T2DM and without T2DM was significantly higher than that in PWS subjects (p value 0.05) may have relative insulin sensitivity, insulin resistance, and obesity, which are the most important factors for the occurrence of T2DM via destruction of β cell function (Fintini et al., 2016; L' Allemand, Eiholzer, Schlumpf, Torresani, & Girard, 2003) . Yang et al. (2017) had reported that in PWS, increased BMI and homeostasis model of assessment-insulin resistance (HOMA-IR) can lead to the development of T2DM. Furthermore, the prevalence of T2DM about 22.3/1000 in 10-14-year-old children was found in specific ethnic subgroups such as AfricanAmerican, Hispanic, Asian/Pacific Islanders, and American Indians, being highest in Pima Indians (Lindmark et al., 2010) , and other studies reported the prevalence of T2DM about 0.4 to 1% in obese children of age ≥ 12 years (Sinha et al., 2002; Wabitsch et al., 2004) . Likewise, a prevalence of 13.7% (29/211) was shown in PWS patients with T2DM risk in a study conducted in a Korean population (Yang et al., 2017) . Moreover, the prevalence of T2DM (13.5%) was revealed by another cohort study in Italian PWS patients. However, this proportion is relatively lower than that of PWS develops T2DM if BMI > 30 kg/m 2 . The difference in the prevalence of T2DM in PWS depends on the size of the PWS base population and their lifestyle factors.
Furthermore, obesity and weight gain are important factors that lead to insulin resistance and T2DM. Daily intake of food and nutrition are other risk factors for T2DM. The effectiveness of dietary and lifestyle modification approaches in the prevention of T2DM was provided by the Diabetes Prevention Program trial (Hu et al., 2001; Knowler et al., 2002) . Several prospective studies have reported a positive association between white rice intake and diabetes (Nanri et al., 2010; Sun et al., 2010; Villegas et al., 2007) . For instance, seven prospective cohort studies conducted a meta-analysis in Asian and Western populations and showed that an overall 27% increased risk of diabetes matched with high versus low white rice consumption levels. Furthermore, another study has reported a 55% increased risk of diabetes when consuming larger quantities of white rice in the Asian population (Wabitsch et al., 2004) . The Japanese Public Health Center-based prospective study conducted in women showed 65% increased risk of diabetes with a daily intake of cooked white rice (> 437 g) when compared to consuming < 287 g/day (Nanri et al., 2010; Wabitsch et al., 2004) . Similarly, the Shanghai Women's Health Study reported a 78% higher risk of diabetes with daily raw white rice intake of > 300 g/day when compared to < 200 g of raw white rice intake. Although the exact mechanism of increased risk of diabetes through intake of white rice is not clear, several prospective cohort studies provided that both the GI and glycemic load have been associated with increased risk of metabolic syndrome and diabetes (Villegas et al., 2007; Salmeron, Ascherio, et al., 1997; Salmeron, Manson, et al., 1997; Hu, Pan, Malik, & Sun, 2012; Oba et al., 2013) . Likewise, another study revealed that the GI of white rice depends on the proportion of the amylose content of the grain in addition to the cooking time, and the GI value of white rice has been reported to be higher than that of brown rice and other whole grains (Foster-Powell, Holt, & Brand-Miller, 2002) . Other two prospective cohort studies in Iran observed a doubling of diabetes risk associated with > 250 g of white rice intake in Tehran Lipid and Glucose Study (TLGS) when compared to Golestan Cohort Study (GCS) (Golozar et al., 2017) . Similarly, our current study has reported that individuals with PWS highly consumed white rice (1071 g, 1370 kcal/day) matched with another daily intake of foods. In contrast, daily intake of white rice was only 814 g, 1058 kcal, in 7 OC subjects with T2DM and 158 g, 215 kcal, intakes by 16 of OC without T2DM. These findings suggest that our study populations of PWS mostly consumed white rice in comparison with the OC subjects. This is because of the fact that white rice is the staple food for Indian populations, especially for southern populations. So, they consume it three times a day. White rice contains more carbohydrates, low fiber, and nutrients (proteins and vitamins). The excess carbohydrates are responsible for the increased adiposity and GI, which might lead to weight gain and T2DM.
The previous study found that increased carbohydrate intake mainly from white rice may increase T2DM in East Asian populations (Brown et al., 2009 ). Higher carbohydrate intake was associated with a serious risk of diabetes with BMI ≥ 25 kg/m 2 in obese subjects, and this finding suggested that their carbohydrate intakes should be within the desirable energy proportions (50-65% energy) to prevent the development of type 2 diabetes in Japanese population (Villegas et al., 2007; Sakurai et al. 2016) . Other investigations reported that high intake of carbohydrates from starchy foods contributes more strongly to metabolic disorders and hyperlipidemia, and this study suggested that the optimal daily intake of carbohydrates from starchy foods is 220 g for the prevention of metabolic disorders in Northern China (Feng et al., 2015) . A human clinical trial provides that consuming high carbohydrate diets decreases the level of HDL-C and increases TG and TC levels, and low carbohydrate consumption has the opposite effects because high-fat diets tend to lower serum TG and LDL-C and increase HDL-C, which promote weight loss (Nordmann et al., 2006; Song et al., 2012) . Excess carbohydrates are responsible for increased adiposity and reduced energy expenditure, which must be responsible for the weight gain in PWS Driscoll (2013) had advised the parents of these children to decrease their energy intake at the same time placing the children on a healthy, well-balanced diet of approximately 30% fat, 45% carbohydrates, and 25% protein, with the carbohydrates given as complex carbohydrates to provide a goal of 20 g of fiber per day to prevent of weight gain in PWS. In our current study, we found out that individuals of PWS were associated with high consumption of carbohydrates (300.2 ± 81.6 g/day) and high BMI values (55.6 ± 6.17). Similarly, OC with T2DM subjects have BMI 30.2 ± 4.14, and their carbohydrate consumption is 225.3 ± 32.5 g/day, which is higher when compared to OC without T2DM [BMI (29.1 ± 3.5), carbohydrate consumption (88.0 ± 20.2 g/day)]. This study also reports fasting blood sugar levels (p value 0.0027) and postprandial blood sugar levels (p value 0.0146) that are highly significant in PWS when compared to OC subjects. Hence, this current study strongly suggests that high consumption of carbohydrates could also increase the blood sugar level and it is responsible for serious risk for the development of T2DM with those of exceeding BMI in the individuals with PWS. Furthermore, based on our finding and other previous related papers, we opine that individuals with PWS consume foods high in carbohydrates, which depends on the staple foods and it varies place to place. Since white rice is the staple food for South Indian population, the PWS patients consume 300 g of carbohydrates per day.
Limitation of this present study is that only few PWS patients' data were collected. Hence, this study was not able to show the prevalence of PWS with T2DM in our populations. Since there were no previous studies regarding daily high intake of food in PWS leading to T2DM, we could not compare our study with similar works.
Conclusion
Our current study presents the first report on excessive carbohydrate consumption by PWS patients in Tamil Nadu and their BMI ≥ 30 kg/m 2 as risk factors for T2DM in them. The population with PWS consumes more carbohydrates from high intake of white rice than the OC subjects. We strongly suggest that > 300 g of carbohydrate consumption from white rice intake is able to pose a high risk of T2DM in PWS. We have also found that morbid obesity is the additional predictive factor for the development of T2DM. Since high carbohydrate consumption and BMI ≥ 30 kg/m 2 are the strong predictive factors, optimal daily consumption of carbohydrates from white rice is recommended for the prevention of development of T2DM in PWS and other metabolic disorders with T2DM. Further longitudinal studies in Tamil Nadu are required to better understand the endocrine and metabolic factors that can determine T2DM development in PWS individuals.
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